ELECTRIC POWER
RESEARCH INSTITUTE

=Rl

Economic Modeling §
of Microgrids

Feasibility Study: Aii?

07/31/2015

Dean Weng, Project Engineer, EPRI

Arindam Maitra, Technical Executive, EPRI

© 2015 Electric Power Research Institute, Inc. All rights reserved.



Outline

1. Overview: Feasibility Studies
2. Utility Microgrid Sites, Types
3. DER-CAM Modeling Tool

4. Approach to Modeling

5. Sample Case

6. EPRI and LBNL collaboration

r: ELECTRIC POWER
© 2015 Electric Power Research Institute, Inc. All rights reserved. C El RESEARCH INSTITUTE



Microgrid Technical Design Costs and Evaluations
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Phase I. Feasibility Study

1. Stakeholder Engagement

U

2. Define Microgrid Objectives

U

3. Site Survey & Data Gathering

L

4. Modeling & Simulation

5. Cost/Benefit Analysis



Utility Participants and Candidate Target Sites

DOE Project Participants (Level 1)
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Feasibility Studies (Level 2)
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Supplemental

United Illluminating (Bridgeport, CT)

National Grid (Buffalo Niagara
Medical Campus, NY)

Entergy (Medical Corridor in MS)
EDF (Concept Grid)

TVA (Cheeroke Farms)

Peco (Navy Yard, + 1 site TBD)
We Energies (Century Park)

Design Analysis (Supplemental)
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Utility Microgrid Sites, Types

National Grid
BNMC

Entergy
UMMC

TVA

Cherokee Farm

United llluminated

Bridgeport

Buffalo Niagara Medical Campus
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= Multi-layer microgrid concept
= Many critical health and research services

= CHP likely to be attractive (thermal study being conducted)
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Utility Microgrid Sites, Types

National Grid
BNMC

Entergy
UMMC

TVA

Cherokee Farm

United llluminated

Bridgeport

University of Mississippi Medical Center

]
£
LLakeland Dr

-

L
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= Critical health services, medical schools, research, police

= Cooling centric - a host of centralized chillers serve the

campus

= Loss of power would force evacuations during the summer
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Utility Microgrid Sites, Types

National Grid Cherokee Farm Innovation Campus

[llustrated Master Plan Key:

B N M C A: Proposed Partial Interchange

B: Improved Full Interchange

~Z Macrogrid C: Garages
Y Connection D: Hotel Conference Center
CITY OF KNOXVILLE /1 £: Quads
g g Preserve
Entergy Fuel Cell 3 G: Interpretive C
\ “Grid H: Greenwa! y

Test Bed

_ Intercgnnection

U M M C Solar Test

Bed

TVA

Cherokee Farm

United llluminated

Microgrid Control
Room

Bridgeport

Battery Storage
Test Bed

——
o Rooftop Wind EL

Turbines

= Green field project
= Business park, UT research centers, hotel, hospital
» DER test bed — solar PV, batteries, fuel cell, CHP, EV
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Utility Microgrid Sites, Types

National Grid
BNMC

Entergy
UMMC

TVA

Cherokee Farm

United llluminated

Bridgeport

Town of Bridgeport

Police

Communications .~

Tower _
City Hall

Senior
Center

= Brown field project
= Resiliency for emergency services
= Part of a Connecticut D.E.E.P. initiative
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DER-CAM Modeling Tool
Distributed Energy Resources Customer Adoption Model

» Developed at Lawrence Berkeley National Lab

* Energy system design using Investment & Planning (I&P)
version
* Economic optimization model

— Objective function

— Constraints

* Mixed Integer Linear Formulation (MILP)

— Decision variables can be integer or continuous

— Objective function and constrains are linear

— Global minimum is guaranteed

= Platform: GAMS w/ CPLEX

10
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Interface DER- CAM _ ]

ANALYTICS PLANNING | OPERATIONS

Remote Server Web Interface

T
o
T

Total snnual electricity balance (kwh) Installed generation technologies (kW) Installed storage Onsite technology s Annualized Energy Costs (kS)
. technologies (kWh) investments {k$) -

Output

e

Output as an interactive excel macro i vt st s 41
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Modeling Approach

= “Black Box”

— Simple energy-in, energy-out evaluation

Electric Consumption

—

Gas Consumption

—

12

Electric Loads

Thermal Loads
(electric)

Thermal Loads
(gas)

Microgrid r—
ﬂ
Existing DER New DER
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Modeling Approach

= Multi-black box approach

Microgrid

Load 1 Load 2

Load 3+4
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Modeling Approach

= Nodal network

14

— Most accurate

— Also most time and data intensive
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System Information

— Load locations

— Network R and X impedances
— Load power factors

— Generator power factors

Boiler Chiller
1 |
| 1
1
23 kV
PV Batt
480 V
o
4 kV
CHP =

An lllustration
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Modeling Tools
DER-CAM K Objectives ™

9 Minimize Cost
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-
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Engine
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Modeling in DER-CAM
Sample Case

» Basic data requirements:

Electrical Load Serving utility

Thermal Load Serving utility

Electrical/Fuel tariffs Serving utility(s)

DER technical specifications, price points Market research, Manufacturers
Weather PVWatts, weather stations, EPRI

(irradiance, wind speed, temperature, etc.)

= Customer information:

— Willingness to provide demand response (load shifting/curtailment)
— Value of Loss Load (VOLL)

* Modeling objective

16 I: ELECTRIC POWER
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Modeling in DER-CAM

Sample Case (Cont.) — Background

= Hospital
— 5 floors
— 241,351 (ft?) total area

=|_ocation: Jackson, Mississippi
= Utilities: Entergy, Atom Energy
*|_oads: electric, cooling (electric), heating (gas)

= EXisting assets: grid, HVAC, boiler, diesel genset

= Objectives:
— Cost minimization
— 1 week outage duration
— 100% load served
— 10% renewable penetration

© 2015 Electric Power Researc

h Institute, Inc. All rights reserve
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Modeling in DER-CAM
ample Case (Cont.) - Loads
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Modeling in DER-CAM
Sample Case (Cont.) - Tariffs

Entergy Large Commercial Tariff

ENTERGY MISSISSIPPI, INC

Date Filed: December 30, 2014
Date to be Effective: January 30, 2015
Docket No.: 2014-UN-132

MISSISSIPPI PUBLIC SERVICE COMMISSION
P.S.C. Schedule No. I-14

Revised Schedule No. 14, Date: January 30, 2015
Superseded Schedule No. 14, Date: December 31, 2002
Schedule Consists of: Three Pages

LARGE GENERAL SERVICE RATE SCHEDULE C-28

NET MONTHLY RATE

A. RATE
$4,715.18 for the first 1,000 kW or less of Customer's Demand
$ 4.644 per kW for all additional kW of Customer's Demand
$ 0.056330 per kWh for the first 435,000 kWh
$ 0.053071  per kWh for additional kWh up to 400 kWh per kW of Customer's Demand
$ 0.050679 per kWh for the next 350,000 kWh
$ 0.047538 per kWh for all additional kWh
$ 047 per KVAR of Excess KVAR
V. CUSTOMER'S DEMAND

The average kW supplied during the fifteen-minute period of Customer's greatest use in the Day
Hours (Day Load) of the current month plus 25% (for Primary Service) or 33 1/3% (in all other
cases) of the amount by which the average kW supplied during the fifteen-minute period of
Customer's greatest use in the Night Hours (Night Load) of the current month exceeds the Day
Load, but not less than the highest of the following:

(1) 80% of the highest kW so established in the prior eleven months, or
(2) the minimum kW provided in the Agreement for Service, or
(3) 1,000 kW.

If the instantaneous load exceeds the highest average fifteen-minute load by an unusual amount,
such instantaneous load may be taken as the demand used for billing.

DAY HOURS

Initially 7 a.m. to 9 p.m. C.S.T. (8 am. to 10 p.m. C.D.T.) Monday — Friday except holidays.
These hours are subject to change by the Company upon thirty days' written notice, but shall not
exceed fourteen hours per day.

NIGHT HOURS
All hours not designated as day hours.
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Modeling in DER-CAM
ample Case (Cont.) — Site conditions

Location and Station Identification
Requested Location

Weather Data Source

Latitude

Longitude

PVWatts

University in Jackson, Mississippi
(TMY3) JACKSON INTERNATIONAL AP, MS 5.2 mi
32.32°N

90.08° W

GHI

GHI (kW/m2)

Ambient Temperature

Ambient Temperature (C)

20

Data
Processing
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Modeling in DER-CAM
Sample Case (Cont.) - DER

Infrastructure
B Duscrete Technologies

DER Technologies Info
Generator Constraints

Generator Investment

= EXisting
= New
= Force

21

Renewable Gen

|- Solar Photovoltaics

Microturbine

*  Max Power (kW)

* Sprint capacity (% of power)
« # of sprint hours (hours)

*  Fuel type

» Efficiency (ratio)

* CHP capable? (yes/no)

« Alpha (power to heat ratio)

* NOx emissions rate (kg/hr)
* Maximum annual operating hours (hours)

e Minimum loading (% of power)

« Capital cost ($)

« Lifetime (years)

Fossil Fuel Gen I

aics

Module rating (kW DC)

« Module Size (g2) il

» Efficiency (%

* Inverter size

O]

«  O&M fixed costs ($/year)
* O&M variable costs ($/year/unit)
« NOx treatment costs ($/kg)

ic Vehicles

Electric Vehicles

* Multiple locations

* Min connect/disconnect SOC
* Max charge hours

+ Battery size

« Efficiency

+ Decay

* etc.

SOC

Connect [

e
Disconnect
-
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Modeling in DER-CAM
Sample Case (Cont.) -

= Qutage duration, tim

»VValue of Loss Load = $ per kwh not served

Scenario

e

— Customer, time dependent

[

> -

A

B

- small & Medium C/
:

=

= Large C/1

4

2 Residential

| —
Outage Duration

ICECalculator.com

Interruption Cost Estimate Calculator

U.S. DEPARTMENT OF

ENERGY

~N

J

= Customer preferences

— How much load can be shifted, within what period
— How much load can be curtailed, at what price

— How much load can be curtailed, under an emergency (non-critical)

22
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Modeling in DER-CAM

Sample Case (Cont.) - Parameters

interest rate

cap
cost/emission

multi-objective
cost/emission

renewable
penetration

23

{E} Farameters Table

F1 F2
Standby i
Contrct 0
tLirr A 0
CO2T ax 0.272727
macrosff 034
cooksff 0
B asaCasaCost 50000000
BasaCazaC02 50000000
M anPavbackPeriod 10
FractionB aseload 05
FractionPeakLoad 01
R ebabilityDER 09
M &S pacetvailablaPyS olar | 1620000
Peak PVE flicksncy 01523

M ultiD bgactivebd suCosts S000000
MuliD bjectivebd anC02 4400000

MultiD bgective?/Casts 08
MultiDbgectivets/CO 2 04
ZMEB solarreahultipher 200
ZMEE CostaMultipher 2
BldaShellLifetime 20
MindnnDERGen 0
MindnnRENGen 0
MaxtrnDERGen 100

M asE mportkw 10000

{5} Cptions Table

F1

Discretelnvest 1

Continuouslrmeest
DFChilllrvvest

Windl rvest
Swtchlnyest
MonFhSales:
FYSales

M et stering
IrvvastmentConst
Standbp0pt

W ayPrice
DizableCHP
CO2T ax
MirimizeCO2

ZMEB

L0 byective
DiscrateE lecStorage
LS

CentralHVACH
CentralVACR rvest
GEHPARNUAE alance
FuelCellCoristraint
Building's alllrwest
Buidingw/indowlmvest
BuidingD ooilrwest
BuidingH coflnvest

Buildingl raundl mvest

F2

1]
1]
1]
1]
1]
1]
1]
1]
0
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]

© 2015 Electric Power Research Institute, Inc. All rights reserved.

net metering

CO2 Tax
ZNEB constraint

EnergyPlus
building retrofit
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Modeling in DER-CAM
Sample Case (Cont.) - Steps

1.Create base case w/ outage
— Assets: Grid, HVAC, boller, diesel (backup)
— Enable curtailment during outage
— Calculate total value of loss load

2.0btain base case cost & emissions

3.Create investment case w/ outage

— Possible new assets: Grid, PV, electric storage, gensets,
microturbines, fuel cells, CHP, and absorption chillers.

— Use base cost & emissions as cap
— No curtailment

24 '= ELECTRIC POWER
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Modeling in DER-CAM
Sample Case (Cont.) - Results

DER Investments (kW) Annualized Cost (k$)
Absorption Ph Itai
Chiller MT_CHP- (k‘\’;‘}""set:l': 2500
(cooling) H“;EZOSO' power
Central (lkw), 560 unde.r.test 2000
Cooling conditions,
Capacity 946
(kw), 610 1500
1000
kS
500
0
Reference Optimized Details
W Sales

m Total annualized energy costs in the investment scenario

m OPEX
Central i )
Heating M Annualized investment costs
Capacity
(kw), 3775 m Reference

25 '= ELECTRIC POWER
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Modeling in DER-CAM
Sample Case (Cont.) - Results

Yearly investments and operational costs (k$)

5000
4500
4000
3500
3000 —
K$ 2500 —
2000 —
1500 —
1000
- IIIIIIIIIIIIII e ni
0
Yearl Year2 Year3 Year4 Year5 Year6 Year7 Year8 Year9 Year10 Yearll VYear12 Yearl1l3 VYearl4 Year1ld> VYear1l6 Year1l7 Yearl1l8 Year19 Year20
WOPEX  EMT_CHP-HW_ 250 W ICE-P150-2-DIESEL-- Photovoltaic W Central Heating M Central Cooling M Absorption Chiller B Infrastructure Capital Cost
Yearly Investments and Savings
35000
30000 /
25000 /
20000
oy /

>
15000 /
10000 /
5000

——

.--"'"""-—__-_

Yearl Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year10 Year11 Year12 Year13 VYear14 Year15 Yearl1l6 Year1l7 Year1l8 Year19 Year 20

——~Aggregate Investments
—Aggregate Savings

——New Investments
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Modeling in DER-CAM

Sample Case (Cont.) - Results
Optimal Electric Dispatch — Normal

1400

1200

1000

800

kw

600

200

1400

1200

1000

800

kw

600

400

200

27

1

Optimal Electric Dispatch — Outage

-

I Electric Cooling Load Offset

o PV for self consumption

mmmm Conventional DG & CHP for self consumption
[ Utility Purchase

= = Total Original Electric Load

mmmm Electric Cooling Load Offset

[ PV for self consumption

mmmm Conventional DG & CHP for self consumption
e Utility Purchase

= = Total Original Electric Load

EPI2 | e werme



Modeling in DER-CAM
Sample Case (Cont.) - Results

Optimal Heating Dispatch — Outage

3500

3000

2500

mmmm Heat Collected from DG

kW (thermal)
5]
8

s Heat Collected from Fuels

1500 == == Original Total Heat Load

1000

Optimal Cooling Dispatch — Outage

g

mmmm Cooling by Absorption

kW (electric)
o
o
o

mmmm Cooling by Central Chiller

= == Original Total Cooling Load

]
=]
(=]

100
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EPRI & LBNL Collaboration
m

4 )

- Beta Testing I= ,_ — A « Training

» Real-world C E' rr/r:}‘ ‘"" » Debugging
modeling needs ELECTRIC POWER

* Features
L RESEARCH INSTITUTEJ BERKELEY LAB implementation

—

* Projects

New & Upcoming Features

= Nodal network modeling

15-min time steps

Operating reserve
= Demand response

= Thermal load shifting incl. pre-heating/cooling

29 I: ELECTRIC POWER
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Cost-Benefit Analysis

100

20

CO2 Reduction
80

Cost = Benefit
70 mmem———— e B L ™ == =mm o= e e -

60

50

RELATIVE DOLLARS

40

30

20

10

Demand Response

Costs Benefits

An lllustration

P ELECTRIC POWER
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Phase Il: Detailed Design...

Load Analysis

i A

4
F.'_“"‘ uracce prable

» _ _ ‘ el Microgrid Controller
DER Sizing & Design T w A bimes Architecture & Design

~
4
- Load Only
I .
Load and PY DESign Analysis
mpedance = ) Approach 2 5 X )

* Steady State load flow
* System Dynamic

* Harmonics

* Flicker

* Controls

* Operation seq.

* Fault Current
Distribution System Modeling, * Black Start

Current

Protection & Reliability

Simulation & Optimization
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Questions & Comments

© 2015 Electric Power Research Institute, Inc. All rights reserved.
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« Dean Weng, Project Engineer
865.218.8195, dweng@epri.com

 Arindam Maitra, Technical Executive
704.595.2646, amaitra@epri.com

Together...Shaping the Future of Electricity
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Appendix
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EPRI Microgrid Project Portfolio

Microgrid Controller Feasibility Study *  Field Trials
« R&D * Host Community « Demo
« Vendor Partnership * BCA Performance Evaluation
« Lab Testing, Field Trial Detailed Design « BCA analysis
Communications * Host Community * Integration Guides
« Microgrid Controller and * Modeling « Communications, Cyber
DERMS requirements Security & Privacy
» Architecture Technical Specification and Guide Utility Level Engagement

Base R&D
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